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(54) MAGNETIC MEASUREMENT DEVICE

(67)  The present invention provides a magnetic
measurement device which can measure the magnetic
characteristics in a microregion of a thin plate magnetic
sample. After amagnetic sampleis applied by a magnetic
field and magnetized accordingly, by scanning the mag-
netic sample using a measuring part, the magnetic flux
leakage in the magnetic sample can be measured. The
magnetic flux leaks outside by magnetizing a first region
and a second region of the magnetic sample in recipro-

cally opposite directions and reducing the demagnetizing
field. Specifically, a magnetic field generating part with
at least a pair of magnetic poles is used to perform the
magnetization of multiple poles, or the magnetic field
generating part applies a damped oscillation magnetic
field to perform the magnetization, or a local magnetic
field generating part which applies an alternating mag-
netic field and scans the surface of the sample at the
same time is used to perform the magnetization.
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Description

[0001] The present invention relates to a magnetic
measurement device for measuring the magnetic char-
acteristics especially the magnetic characteristics in a
microregion of a thin plate magnetic sample by the meas-
urement of the magnetic flux leakage due to the remanent
magnetization.

BACKGROUND

[0002] Recently, thin film magnets in minute size (the
thickness is about several micrometers to several hun-
dreds of micrometers) have become prepared by phys-
ical film formation methods, e.g., sputtering or laser dep-
osition, and have been used in the fields of microma-
chines or sensors (PatentDocument 1). In the application
of employing such thin film magnet in the fields of mi-
cromachines or sensors, in order to prepare a targeted
device, a magnetic circuit is necessarily designed on the
base of the magnetic flux leakage due to the remanent
magnetization of the thin film magnet, and the distribution
of the remanent magnetization (i.e., the remanent mag-
netization in microregions) of the thin film magnet need
to be precisely measured with a resolution of a submil-
limeter level or less.

[0003] So far, a B-H curve tracer or a VSM (vibrating
sample magneto-meter) has been used in measuring the
magnetic characteristics of the magnetic sample. How-
ever, these measurement devices can only measure the
average magnetic characteristics of the magnetic sample
which is the object to be measured, and cannot measure
the distribution of the magnetic characteristics, i.e., the
characteristics in a microregion.

[0004] A method is also considered in which the mag-
netic sample whichis the object to be measured is divided
by cutting process or the like and measured by a VSM
or the like so that the magnetic characteristics in a mi-
croregion is measured. However, the inherent magnetic
characteristics of the magnetic sample cannot be meas-
ured due to the damage to the surface layer of the mag-
netic sample caused by the process.

[0005] In order to measure the magnetic characteris-
tics in a microregion of a magnetic sample without
processing the magnetic sample, a MFM (magnetic force
microscopy), a SHPM (scanning hall probe microscopy)
or the like is used.

[0006] The MFM uses the measuring head composed
of a magnetic substance to scan the surface of a sample,
so that the magnetic characteristics in a microregion can
be precisely measured. However, as it is necessary to
move the measuring head of the MFM close to the sur-
face of the sample, and unlike the B-H curve tracer, the
sample cannot become a part of the closed magnetic
circuit, the measurement will be definitely affected by the
demagnetizing field Hd due to the magnetic pole present
on the surface of the magnetic sample.

[0007] As the effect of the demagnetizing field Hd
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largely depends on the shape of the sample, and in a
thin plate magnetic sample such as a uniformly magnet-
ized film magnet, the demagnetizing field Hd is substan-
tially equal to the spontaneous magnetization J of the
sample, the magnetic flux cannot be taken to the outside
of the sample. That is, it is difficult to evaluate the mag-
netic characteristics of the uniformly magnetized thin
plate magnetic sample by using a MFM.

Patent Document

[0008] Patent Document 1: WO2005/091315
SUMMARY
[0009] The present invention has been made in view

of such situation, and it is an object of the present inven-
tion to provide a measurement device which is not affect-
ed by the demagnetizing field Hd and evaluates the re-
manent magnetization and its distribution in a microre-
gion of a thin plate magnetic sample such as the thin film
magnet by using the magnetic flux leakage due to the
remanent magnetization.

[0010] One aspect of the present invention provides a
magnetic measurement device for measuring the rema-
nent magnetization of a thin plate magnetic sample,
wherein the magnetic measurement device comprises a
magnetic field generating part which applies a magnetic
field to magnetize the first region and the second region
of the magnetic sample in reciprocally opposite direc-
tions, and a measuring part which measures the mag-
netic field of the magnetic sample has been magnetized
by the magnetic field generating part and outputs the
magnetic field as the remanent magnetization of the mag-
netic sample. As the magnetized magnetic sample is
measured by using such a structure in the present inven-
tion, in a case where an external magnetic is applied in
the measurement, the measuring part can approach the
surface of the sample without considering the effect of
the applied external magneticfield on the measuring part.
In addition, as the first region and the second region are
magnetized in reciprocally opposite directions, the mag-
netic flux leakage due to the remanent magnetization of
the magnetic sample can be properly measured without
being affected by the demagnetizing field.

[0011] Inone aspect of the presentinvention, the mag-
netic field generating part may have at least a pair of
magnetic poles with different signs and magnetizes the
magnetic sample with those magnetic poles.

[0012] Inone aspect of the presentinvention, the mag-
netic field generating part may produce a magnetic field
with damped oscillation to magnetize the magnetic sam-
ple.

[0013] Inone aspectof the presentinvention, the mag-
netic field generating part may scan the surface of the
magnetic sample while simultaneously producing an al-
ternating magnetic field on local regions to magnetize
the magnetic sample.
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[0014] Further, any combinations of the constituent el-
ements mentioned above, and the embodying of the
presentinvention changed between methods or systems
are still effective as embodiments of the present inven-
tion.

[0015] Accordingtothe presentinvention, the magnet-
ic characteristics in a microregion (i.e., the distribution of
the magnetic characteristics) of the thin plate magnetic
sample can be evaluated by providing a magnetic meas-
urement device which comprises a magnetic field gen-
erating part which applies a magnetic field to the thin
plate magnetic sample (such as the magnet thin film) and
magnetizes the first region and the second region of the
magnetic sample in reciprocally opposite directions, and
ameasuring part which measures the magnetic flux leak-
age due to the remanent magnetization in the magnetic
sample magnetized by the magneticfield generating part.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

Fig.1 is a schematic perspective view showing the
magnetic measurement device of the present inven-
tion.

Fig.2 is a schematic perspective view showing the
magnetic field generating part having at least a pair
of magnetic poles provided in the magnetic meas-
urement device of the present invention.

Fig.3(a) is a view showing the distribution of the mag-
netic field in an example of magnetization of the mag-
netic field generating part, and Fig.3(b) is a view
showing the distribution of the magnetic field in the
uniformly magnetized magnetic sample.

Fig.4(a) and Fig.4(b) are views showing the process
for magnetizing the magnetic sample by a damped
oscillation magnetic field.

Fig.5 is a view showing the distribution of the mag-
netic field in the magnetic sample magnetized by us-
ing a damped oscillation magnetic field.

Fig.6(a) and Fig.6(b) are views showing the process
for magnetizing the magnetic sample by applying an
alternating magnetic field while simultaneously per-
forming the scanning.

Fig.7 is a view showing the distribution of the mag-
netic field of the magnetic sample having been mag-
netized by applying an alternating magnetic field
while simultaneously performing the scanning.

DETAILED DESCRIPTION OF EMBODIMENTS

[0017] Hereinafter, the preferable embodiments of the
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present invention will be described in detail with refer-
ence to the drawings. The same reference numeral is
provided to the same or similar constituent element,
means, treatment, etc., shown in the drawings, and the
repeated descriptions can be properly omitted. In addi-
tion, these embodiments are exemplary and will not limit
the present invention, and all the features disclosed in
the embodiments or their combinations are not neces-
sarily be limited to the substantial content in the present
invention.

[0018] Fig.1 is a schematic perspective view showing
the whole structure of the magnetic measurement device
ofthe presentinvention. InFig.1, a XYZ platform 10 which
includes a X platform 11 which slides freely in the direc-
tion of the Xt axis (parallel to the X axis among the XYZ
orthogonal three-axes), aY platform 12 which is disposed
on the X platform 11 and slides freely in the direction of
the Yt axis (parallel to the Y axis among the XYZ orthog-
onal three-axes), and a Z platform 13 which is disposed
on the Y platform 12 and slides freely in the direction of
the Zt axis (parallel to the Z axis among the XYZ orthog-
onal three-axes) is disposed on a base 1, and a magnetic
sample 5 with thin plate shape is positioned and fixed on
the Z platform 13. In addition, the magnetic measurement
device of the present invention includes a control part 40
which controls each part of the measurement device and
determines the magnetic characteristics and the mag-
netic distribution on the base of the measured magnetic
flux leakage.

[0019] The magnetic sample which is the object to be
measured of the present invention includes an rare earth
based magnet such as the R-T-B based magnet and the
R-T based magnet, an oxide based magnet such as the
Ba ferrite magnet and the Sr ferrite magnet, and a soft
magnetic substance which, unlike magnet, does nothave
high coercivity. In addition, in a case where the magnet-
ization direction of the magnetic sample is perpendicular
to the flat shape of the thin plate sample, the present
invention can be achieved by a simple structure, and in
a case where the magnetization direction is in-plane, the
present invention effectively functions.

[0020] The magnetic field generating part which mag-
netizes the magnetic sample 5 may be a magnetic field
generating part 6 having at least a pair of magnetic poles
with different signs, and may also be a local magnetic
field generating part 3 which is disposed together with
the measuring part 2 on the underside of the leading end
of the supporting arm 4. With the magnetic field gener-
ating part 6 having at least a pair of magnetic poles with
different signs, the first region and the second region of
the magnetic sample 5 can be magnetized in reciprocally
opposite directions. Moreover, in a way where the local
magnetic field generating part 3 which is arranged on the
underside of the front part of the supporting arm 4 pro-
duces an alternating magnetic field while simultaneously
scanning the surface of the magnetic sample 5, the first
region and the second region of the magnetic sample 5
can also be magnetized in reciprocally opposite direc-
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tions.

[0021] The XYZ platform 10 may be driven by a motor,
and may also be driven by a piezoelectric actuator. The
movement stroke of the XYZ platform 10 in the X and Y
directions may be set to cover the measurement region
of the sample. In this respect, the whole measurement
region of the sample can be measured. The movement
stroke of the XYZ platform 10 in the X and Y directions
is, for example, 10X10 mm. The movement stroke of the
XYZ platform 10 in the Z direction may be set to be larger
enough than the thickness of the sample. Accordingly,
the magnetic sample 5 can easily approach the measur-
ing part 2, the local magnetic field generating part 3 and
the magnetic field generating part 6. The location reso-
lution of the XYZ platform 10 in the X and Y directions
may be smaller enough than the size of the magnetic
domain of the magnetic sample 5. Therefore, the meas-
urement in a microregion is possible. The location reso-
lution in the X and Y directions may be, for example, 10
nm. Further, the location resolution of the XYZ platform
10in the Z direction may smaller enough than the surface
roughness of the magnetic sample 5. As a result, the
measurement of the magnetic flux leakage due to the
remanent magnetization in the sample without being af-
fected by the surface morphology is possible.

[0022] A Z arm 23 which slides freely in the direction
of the Zs axis (parallel to the Z axis among the XYZ or-
thogonal three-axes) is vertically arranged and fixed on
the base 1, a X arm 21 which slides freely in the direction
of the Xs axis (parallel to the X axis among the XYZ or-
thogonal three-axes) is disposed in front of the Z arm 23,
and a'Y arm 22 which slides freely in the direction of the
Ys axis (parallel to the Y axis among the XYZ orthogonal
three-axes) is disposed in front of the X arm 21. The
supporting arm 4 is arranged on the underside of the Y
arm 22, and the measuring part 2 and the local magnetic
field generating part 3 are disposed on the underside of
the leading end of the supporting arm 4.

[0023] The XYZ arm 20 may be driven by a motor, and
may also be driven by a piezoelectric actuator. The move-
ment stroke of the XYZ arm 20 in the X and Y directions
may be set to cover the measurement region of the sam-
ple. In this respect, the whole measurement area of the
sample can be measured. The movement stroke of the
XYZ arm 20 in the X and Y directions is, for example,
100x100 mm. The movement stroke of the XYZ arm 20
in the Z direction may be set to be larger enough than
the thickness of the sample. Accordingly, the magnetic
sample 5 can easily approach the measuring part 2 and
the local magnetic field generating part 3. The location
resolution of the XYZ arm 20 in the X and Y directions
should be smaller enough than the size of the magnetic
domain of the magnetic sample 5. Thereby, the meas-
urement of the distribution of the magnetic field in a mi-
croregion is possible. The location resolution in the X and
Y directions may be, for example, 10 nm. Further, the
location resolution of the XYZ arm 20 in the Z direction
may be smaller enough than the surface roughness of
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the magnetic sample 5. As a result, the measurement of
the magnetic flux leakage due to the remanent magnet-
ization in the sample without the influence by the surface
morphology is possible.

[0024] Although the XYZ platform 10 and the XYZ arm
20 are two structures that perform in the same action with
respect to the relative position relationship between the
magnetic sample 5 and the measuring part 2 as well as
the local magnetic field generating part 3, by choosing
different driving ways for each structure, the measure-
ment of a microregion to the measurement of a large
sample can be performed in one device. For example,
the XYZ platform 10 may be driven by a motor to perform
coarse motions and the XYZ arm 20 may be driven by a
piezoelectric actuator to perform micro motions. There-
by, the movement towards any position of the sample at
a high speed can be done by the coarse motions, and
the remanent magnetization in microregions can be spe-
cifically measured by the micro motions.

[0025] A Zm axis-driving system 30 which slides freely
inthe direction of the Zm axis (parallel to the Z axis among
the XYZ orthogonal three-axes) is vertically arranged and
fixed on the base 1, and the magnetic field generating
part 6 is disposed in front of the Zm axis-driving system
30. In the present embodiment, the first region and the
second region of the magnetic sample are magnetized
in reciprocally opposite directions by the magnetic field
generating part 6. In order to magnetize the magnetic
sample 5 by the magnetic field generating part 6, the XYZ
platform 10 is moved to the magnetization position (the
position indicated by the dashed lines in Fig.1) where the
magnetic pole 7 which radiates the magnetic field from
the magnetic field generating part 6 to the outside is op-
posite to the surface of the magnetic sample 5, and the
magnetic pole 7 adequately approach the surface of the
magnetic sample 5 through the Zm axis-driving system
30. Thereby, the magnetic sample 5 can be uniformly
magnetized or can be magnetized in accordance with
the pattern possessed by the magnetic pole 7 of the mag-
netic field generating part 6.

[0026] Fig.2 shows the magnetic field generating part
6. In Fig.2, the magnetic sample 5 exists at the magnet-
ization position (the position indicated by the dashed lines
in Fig.1) through the XYZ platform 10, and the magnetic
pole 7 which radiates the magnetic field exists at the po-
sition close and opposite to the surface of the magnetic
sample 5. In the embodiment shown in Fig.2, magnetic
poles 7 are composited of a pair of poles radiating mag-
netic field with different signs, however, the magneticfield
generating part of the present invention is not limited
thereto. The magnetic field generating part may be a ma-
trix with tiny magnetic poles in which the adjacent mag-
netic poles have different signs between each other, and
may also be a matrix generating a uniform magnetic field.
[0027] Fig.3(a) is an example of the distribution of the
magnetic flux leakage due to the remanent magnetization
of the sample which is obtained by scanning the regions
around the boundary between the magnetic fields radi-
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ated from the magnetic pole 7 with different signs using
the measuring part 2 after the magnetic sample 5 is mag-
netized by the magnetic field generating part 6. The mag-
netization is performed in a way where the boundary be-
tween the magnetic fields with different signs radiated
from the magnetic pole 7 is located in approximately the
center of the measurement region, and the first region
magnetized in a positive direction (the flat opposite to the
measuring part 2 is the N pole) is at the right side of the
boundary while the second region magnetized on a di-
rection opposite to that for the first region (the flat oppo-
site to the measuring part 2 is the S pole) is at the left
side of the boundary.

[0028] The signal detected by the measuring part 2
has the maximum intensity in the region around the
boundary between the first region and the second region,
and has weak intensity in a region away from the bound-
ary. This is because the large magnetic flux leakage of
the magnetic sample presents around different bounda-
ries in the magnetized state.

[0029] Fig.3(b) is an example of the distribution of the
magnetic flux leakage due to the remanent magnetization
of the sample, which is obtained by the scanning of the
measuring part 2 after the magnetic sample 5 has been
magnetized by using a magnetic field generating part
which can produce a uniform external magneticfield. The
magnetic sample 5 is magnetized to saturation in a neg-
ative direction (the flat opposite to the measuring part 2
is the S pole).

[0030] Regardless of whether the magnetic sample 5
is magnetized to saturation or not, the signal detected by
the measuring part 2 is weak. This is because in a case
where magnetic sample 5 with thin plate shape is uni-
formly magnetized, its demagnetizing factor N become
about 1, and hence, the magnetic polarization J pos-
sessed by the magnetic sample 5 is eliminated by the
demagnetizing field Hd and the magnetic flux will not leak
to the outside of the magnetic sample 5.

[0031] Fig.4(a) is a view showing a process for mag-
netizing the magnetic sample 5 by a damped oscillation
magneticfield. In this figure, the magnetic sample 5 exists
at the magnetization position (the position indicated by
the dashed lines in Fig.1) through the XYZ platform 10,
and the magnetic pole 7 which is the magnetic field gen-
erating part from which a magnetic field radiates in the
present embodiment exists at the position close and op-
posite to the surface of the magnetic sample 5. The mag-
netic field radiated from the magnetic pole 7 may be a
magnetic field (the damped oscillation magnetic field) in
which the amplitude is decreased while the positive and
negative pole signs are reversed in reciprocally opposite
directions as the time passes.

[0032] Further, the procedure by which the magnetic
sample 5 is magnetized by the damped oscillation mag-
netic field will be explained using Fig.4(b). For the brief
description, regions with three types of coercivities (i.e.,
high coercivity, intermediate coercivity, and low coerciv-
ity) exist in the magnetic sample 5, and the magnetic field
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radiated from the magnetic pole 7 decreases in ampli-
tudes while reverses for three times in reciprocally op-
posite directions as the time passes.

[0033] First of all, with the magnetic field in a high in-
tensity in the positive direction which is radiated from the
magnetic pole 7, the whole magnetic sample 5 is mag-
netized in the positive direction. Then, with the magnetic
field with an intermediate intensity in the negative direc-
tion which is radiated from the magnetic field 7, only the
parts with intermediate coercivity and low coercivity in
the magnetic sample 5 have their magnetization direction
reversed to be negative. At this time, as the magnetic
field with an intermediate intensity which is radiated from
the magnetic pole 7 cannot reverse the magnetization of
the part with high coercivity in the magnetic sample 5,
the part with high coercivity is maintained in a magneti-
zation state in the positive direction. Further, with the
magnetic field in a low intensity in the positive direction
which is radiated from the magnetic pole 7, only the part
with low coercivity in the magnetic sample 5 have their
magnetization direction reversed to be negative. At this
time, as the magnetic field with an intermediate intensity
which is radiated from the magnetic pole 7 cannotreverse
the magnetization of the part with high coercivity in the
magnetic sample 5, the part with intermediate coercivity
is maintained in a magnetization state in the positive di-
rection.

[0034] By the procedure mentioned above, the first re-
gion and the second region with different magnetization
states in the positive and negative directions can be
mixed in the magnetic sample 5. As the parts with differ-
ent magnetization states are mixed in the magnetic sam-
ple 5, despite of its thin plate shape, the demagnetizing
field Hd will be low and the magnetic flux leaked outside
can be measured by the measuring part 2.

[0035] Fig.5 is an example of the distribution of the
magnetic field in the magnetized magnetic sample 5
which is magnetized by producing the damped oscillation
magnetic field using the magnetic field generating part
6. Thus produced damped oscillation magnetic field has
a maximum intensity of 6400 kA/m.

[0036] The magnetic sample 5 magnetized by the
damped oscillation magnetic field is in a state where re-
gions (the magnetic domains) with a size of about 0.5 to
1.0 pm and different magnetization states are mixed. The
size of the magnetic domain is substantially equal to the
size of the crystal grain in the magnetic sample 5, and
the distribution of the magnetic flux leakage reflecting
thatthe remanent magnetization states of the crystal gain
with the coercivity distribution are different in the positive
and negative directions is measured.

[0037] Fig.6(a) shows the process in which the local
magnetic field generating part 3 produces an alternating
magneticfield and simultaneously performs the scanning
and thereby magnetizing the magnetic sample 5 non-
uniformly. In this figure, the magnetic sample 5 and the
local magnetic field generating part 3 exist at the position
opposite to the XYZ platform 10 and the XYZ arm 20,
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and the underside of the local magnetic field generating
part 3 is close to the top of the magnetic sample 5. As
shown in Fig.6(b), the magnetic field radiated from the
local magnetic field generating part 3 may be a magnetic
field (an alternating magnetic field) in which the positive
and negative pole signs are reversed as the time passes.
[0038] Fig.7 is an example of the distribution of the
magnetic field in the magnetic sample 5 which is mag-
netized by producing an alternating magnetic field while
simultaneously performing the scanning using the local
magnetic field generating part 3. After the magnetic sam-
ple 5 is uniformly magnetized to saturation (the same as
that in Fig.3B) by the magnetic field generating part 6,
only the central part of the measurement region is mag-
netized by producing an alternating magnetic field while
simultaneously performing the scanning using the local
magnetic field generating part 3.

[0039] Although the uniformly magnetized part of the
magnetic sample 5 (the upper and lower parts of the
measurement region) is magnetized to saturation, the
magnetic flux does not leak outside due to the demag-
netizing field and the signals detected by the measuring
part 2 is weak. On the other hand, the part (the center of
the measurement region) magnetized by producing an
alternating magnetic field while simultaneously perform-
ing the scanning using the local magnetic field generating
part 3 can be deemed as the part in which the signals
detected by the measuring part 2 is large, and by the way
where the magnetic sample 5 is alternatively magnetized
in the positive and negative directions, the influence
caused by the demagnetizing field is small and the mag-
netic flux leaks outside.

[0040] AsshowninFig.7,the partofthe magnetic sam-
ple with a coercivity equal to or lower than that corre-
sponding to the intensity of the magnetic field can also
be un-uniformly magnetized by an alternating magnetic
field with a specified intensity, and by changing the in-
tensity of the magnetic field sequentially and performing
the same measurement, the distribution of the magnetic
characteristics of the magnetic sample can be obtained.

DESCRIPTION OF REFERENCE NUMERALS
[0041]

base

measuring part

local magnetic field generating part
supporting arm

magnetic sample

magnetic field generating part

O WN -

7 magnetic pole
10  XYZ platform
11 Xplatform

12 Y platform

13  Z platform

20 XYZarm

21 Xarm

10

15

20

25

30

35

45

50

55

22 Yarm

23  Zarm

30  driving system for Zm axis

40  control part

Claims

1. A magnetic measurement device for measuring the

remanent magnetization of a thin plate magnetic
sample, wherein,
said magnetic measurement device comprises:

a magnetic field generating part which applies
a magnetic field and magnetizes a first region
and a second region of said magnetic sample in
reciprocally opposite directions, and

a measuring part which measures the magnetic
field of said magnetic sample magnetized by
said magnetic field generating part and output
said magnetic field as the remanent magnetiza-
tion of said magnetic sample.

The magnetic measurement device of claim 1,
wherein,

said magnetic field generating part comprises at
least a pair of magnetic poles with different signs,
and magnetizes said magnetic sample by said mag-
netic poles.

The magnetic measurement device of claim 1,
wherein,

said magnetic field generating part produces a
damped oscillation magnetic field to magnetize said
magnetic sample.

The magnetic measurement device of claim 1,
wherein,

said magnetic field generating part scans the surface
of said magnetic sample while simultaneously pro-
duces an alternating magnetic field to magnetize
said magnetic sample.
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